Abstract-This paper presents the design of two UHF RFID tags in cork substrate. The RFID tags are designed to be compact and conformal to fit within the size and shape of the bottle and barrel stoppers. In a first step, the selected cork material is characterized taking into account the anisotropic properties of cork substrates and after the characterization two RFID tags are designed and optimized to cover a certain read range when placed inside bottle and barrel corks.
I. INTRODUCTION
Radio frequency identification (RFID) is currently a major enabling technology. Its being extensively used in many dif ferent kinds of applications and is one of the most promising bets for the development of the Internet of Things concept [1] . It has been widely used for a number of applications from identification and localization to various types of monitoring and sensing [2] .
The diversity of scenarios of application of the RFID technology arise many challenges for the tag design. More and more the requirements shift towards the creation of small and conformal tags that can be embedded into the targets in a seamless way. To tackle those challenges the use of different substrate materials, specially materials that can be commonly found on consumable products, have been used. Materials such as paper, plastic (PET) [2] , plywood [3] , to name a few, as well as the use of different fabrication techniques targeting large volume production such as inkjet printing [4] , and consideration of low cost conductive materials such as paperclips [4] .
In this particular case we looked into the possibility of creating RFID passive tags for wine bottle labeling and identi fication. The challenge for conformal and low profile antennas, has led to different antenna designs, such as a meander monopole placed inside a hollow plastic bottle closure [5] , and several designs consisting of dipole antennas placed around the bottle plastic or glass neck [6] , [7] or body [8] .
The designs that are around the bottle body and neck are most probably affected by the presence of liquid inside the bottle, while the liquid influence on the stopper is not so severe. Therefore, we chose to design our tags to be integrated into the stopper.
In this work, UHF tag antennas are designed using cork as the substrate material and copper tape as the conductive strip. Cork material is finding increasing application as an insulator in various fields including space technology, due to characteristic properties such as light weight and low thermal conductivity [9] while its extensive application in wine and bottle industry are well known. Standard milling fabrication is used to transfer the antenna design on a low cost adhesive copper tape, which is then attached to the cork substrate, allowing for a fast and cost effective fabrication.
First, the electrical properties of two types of cork samples are characterized. A natural cork sample and a fabricated pressed agglomerated cork sample. Then, two prototypes of UHF RFID tags are designed and fabricated. The performance of the tags is evaluated demonstrating a range of 3 to 6 m. The designed tags can be used in bottle or barrel tagging applica tions. These can be expanded to consider the incorporation of a temperature sensor as part of a passive antenna sensing application.
The paper is organized as follows. In the following section the characterization of the cork materials used for the tag development is described and discussed. The third section presents the tag antenna designs and the measurement results. Finally the main conclusions are drawn in section IV.
II. CORK CHARACTERIZATION
In order to perform an optimum design of the RFID tags, it is necessary to accurately characterize the selected cork material. In the case of the cork substrate its anisotropic nature has to be considered and consequently, the characterization has to be done along the two different cuts of the cork material (axial and radial). The procedure followed to characterize the cork substrate is similar to the one in [10] , where the S parameters of two microstrip lines of different length ( Two sets of h/12 test lines where prepared. One set using pieces of cork cut in the axial direction and the other set using pieces of cork cut in the radial direction. The S-parameters where measured in the 750 to 950 MHz frequency range using the E8361A Agilent Vector Network Analyzer. Using the method in [10] , both the dielectric con stant and the loss tangent were obtained ( Fig. 2 and Fig.  3 ). The dielectric constant is not very high as it could be expected from a material that has a lot of air gaps such as the cork. When comparing the characterization of the axial and radial samples, the anisotropic characteristics of the cork are confirmed, showing that the dielectric constant of the radial cork is around 1.6 and that of the axial cork around 1.9. In the same manner the loss tangent is slightly higher in the radial sample.
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.'ll For the agglomerate pressed cork the results were rather similar with a major difference being the even lower permit tivity value measured, which was between 1.4 and 1.5 This was expected due to the higher number of air gaps in the material. Moreover, due to the random distribution of the cork pieces in the agglomerate cork laminate, the material is nearly isotropic.
III. RFID TAG DESIGN
Two different RFID tags were designed and tested. The first RFID tag is designed to fit inside barrel cork stoppers and the second RFID tag to fit into bottle cork stoppers. The tag designs are shown in Figures 4 and 5. The corresponding   0.06..------.---,-------,--- dimensions are detailed in Table I . The RFID tag for barrel stoppers uses a meandered dipole like antenna (Fig.4a) shaped to be placed in a cube shape cork material (Fig.4b) . This cube is then placed inside the cork stopper (Fig.4c) . The selected RFIC chip is a Higgs 3 from Alien Technology and presents an input impedance of 27.35-j200.7 n at 866 MHz. The compact cube antenna is designed to have an input impedance that is conjugate match of that of the RFIC chip. The second RFID tag designed is intended to be placed inside a wine bottle cork stopper therefore the design is based on a meandered monopole antenna, so that the overall size is reduced (Fig.5) . The used RFIC chip for this second tag is the UCODE SL3ICS1002 from NXP which has an input impedance of 16-j 158 n at 866 MHz.
The insertion of the stopper into the bottle applies some pressure into the cork, which might result in a deformation of the antenna and therefore lead to mismatches in the antenna. This is especially true for common cork stopper used in wine bottles, that are inserted under extreme pressure. In our case, we used the bottom of T-cork stoppers which are made of natural cork with a plastic top. These are commonly used in porto wine or brandy bottles. They can be inserted and removed several times from the bottle and when inserted they're under low pressure.
The bottle stopper is made of T-cork bottom which is inserted into the bottles and provides a secure grip while applying little deformation to the antenna. At the top, a bigger cork cylinder is used, staying outside the bottle. In this bigger part it is placed the chip and the matching inductive ring. This is clear in the antenna illustration presented in Fig. 5 . In order to determine the maximum read range of the designed RFID tags, the setup of Figure 6 was used [11] . A signal generator is used to send the modulated carrier signal to the RFID tag, then the back-scattered signal is captured by an oscilloscope that allows determining if the tag is responding or not. The measurement procedure followed consist in placing the RFID tag at a certain fix distance from the transmitting antenna (in this case d=O.38 m) and to evaluate the minimum power (Pmin) level that is necessary to turn on the tag. Then the range can be calculated according to (1) .
This measurement is repeated for each frequency. Then using (1) is possible to calculate the maximum read range at each frequency by relating the measured minimum frequency to the maximum transmitted power P T = 30 dBm. The maximum read range for both of the two designed RFID tags are shown in Figure 7 . It is clear that the barrel stopper tag has a larger reading range. This happens given the antenna characteristics, since a dipole as slightly better gain than a monopole, which can lead to a noticeable reading range difference. Still, the other point to consider is that the barrel stopper was not tested when inserted into a liquid filled barrel. On the other hand, the bottle stopper was optimized to operate when inside a glass bottle and with liquid filling. The results showcased in Fig. 7 for the bottle stopper were measured with the tag inserted inside a water filled glass bottle.
Although the designed monopole was done in such way that it would present a radiation null in the direction of the liquid inside the bottle, given the large electromagnetic energy absorption from the liquids, the efficiency of the system drops slightly. That fact is the main source of loss in reading range, which is due to efficiency difference, between the barrel stopper and the bottle stopper results.
IV. CONCL USION
This paper presents the optimized design of two different UHF RFID tags using cork material as a substrate for the tag antenna design. The proposed RFID tags are intended to be integrated in bottle and barrel stoppers and provide information about the wine characteristics. In this paper the cork material is characterized showing the importance of considering its anisotropic nature when characterizing it. The implemented prototypes show good results in terms of read ranges which reach up to 6 m.
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